Abstract. Gallbladder neuroendocrine carcinoma (NEC) is a rare gallbladder tumor. The current report is a case of a patient preoperatively diagnosed with gallbladder NEC using somatostatin receptor scintigraphy (SRS). A 63-year-old man was admitted to our hospital by a family doctor after abdominal ultrasonography revealed thickened walls of the neck of his gallbladder. At Kagoshima University Hospital, CT and MRI of the abdomen and endoscopic ultrasonography confirmed the thickening of the walls of the neck of the gallbladder. However, it did not resemble a typical gallbladder cancer or tumor, such as a neuroendocrine tumor or malignant lymphoma. Positron emission tomography and SRS showed abnormal accumulation at the tumor site. Endoscopic retrograde cholangiopancreatography was performed, adenocarcinoma was suspected based on intra-gallbladder bile cytology, and a cholecystectomy with lymphadenectomy was performed. The postoperative pathological diagnosis was small cell NEC (pT3a, N0, M0, stage II). Immunohistochemistry indicated that the gallbladder tumor cells were positive for synaptophysin, chromogranin A, and cluster of differentiation (CD) 56, and negative for somatostatin receptors (SSTR) 2 and 5. Gene expression assays revealed the expression of all SSTR subtypes (SSTR1-5) in the tumor. Generally, NECs exhibit poor accumulation in SRS, however, the results of the current case suggest that SRS may be useful in the preoperative diagnosis of NEC.
Introduction
Neuroendocrine tumors (NETs), which account for <1% of all malignant tumors, originate from disseminated neuroendocrine cells. Most NETs are found in the gastrointestinal and respiratory tracts (1) . Neuroendocrine carcinomas (NECs) in the gastrointestinal tract are mostly found in the rectum, jejuno-ileum, and pancreas. Primary NEC of the gallbladder is a rare disease, it makes up 1.4% of all gastrointestinal endocrine tumors, and 0.4-4% of all malignant tumors that occur in the gallbladder (2) . In general, somatostatin receptor scintigraphy (SRS) has a low diagnostic sensitivity for NECs and 18 F fluorodeoxyglucose (FDG)-positron emission tomography (PET) is useful in the diagnosis of tumors with a high proliferation index and high glucose consumption.
Here, we report a case of a patient preoperatively diagnosed with gallbladder NEC using SRS.
Case presentation
A 63-year-old man with no complaints visited a doctor for abdominal ultrasonography (AUS) screening. AUS revealed thickening of the gallbladder wall. The patient was therefore admitted to our hospital for further examination. He was taking medication for hypertension and type 2 diabetes and he had a family history of lung cancer.
Blood analysis at the time of admission revealed mild liver dysfunction. No elevation in the levels of tumor markers such as carcinoembryonic antigen (CEA), cancer antigen 19-9 (CA 19-9), neurospecific enolase (NSE), or pro-gastrin-releasing peptide was observed. There were no abnormalities in the levels of hormones such as insulin, glucagon, or gastrin (Table I-V) . AUS showed a low-echoic mass (22x14 mm) with clear boundaries to the liver, protruding into the lumen from the gallbladder neck (Fig. 1) .
Abdominal contrast-enhanced computed tomography (CT) showed wall thickening that appeared to extend into the lumen of the gallbladder neck with a weak contrast effect. No obvious out-of-wall development was observed (Fig. 2) .
In abdominal magnetic resonance imaging (MRI), the tumor showed a low signal intensity on T1 imaging and a high A case of gallbladder neuroendocrine carcinoma diagnosed preoperatively using somatostatin receptor scintigraphy signal intensity on T2 imaging that was slightly higher than the liver parenchyma. An apparent high diffusion signal was observed in diffusion-weighted imaging (DwI) and the signal declined with apparent diffusion coefficient mapping. The mucosal surface was preserved. These findings were indicative of a NET and a malignant lymphoma with higher cell density than that of a typical gallbladder cancer. Magnetic resonance cholangiopancreatography showed a defect in the neck of the gallbladder (Fig. 3 ). Endoscopic ultrasonography findings were similar to those of AUS and showed a structure of submucosal tumor-like appearance and clear boundaries to the liver. No Rokitansky-Aschoff sinus was observed. Endoscopic retrograde cholangiopancreatography showed a defect in the neck of the gallbladder and pancreaticobiliary malfunction was not observed. The amylase levels in the bile juice was not elevated. An endoscopic naso-gallbladder drainage catheter was placed in the gallbladder, and bile cytology, which was performed 4 times, revealed a large number of heterogeneous cell clusters. Adenocarcinoma was suspected based on these findings (Fig. 4) .
Positron emission tomography/computed tomography (PET/CT) revealed the abnormal accumulation of 18 F fluorodeoxyglucose (FDG) in the gallbladder wall (Maximum standard uptake value: 5.8 → 8.8), with no findings suggestive of distant organ metastasis.
SRS was performed because gallbladder NET was also considered as a possible diagnosis. Abnormal accumulation was apparent in SRS and is consistent with a tumor. No other abnormal accumulation suggestive of metastasis was observed (Fig. 5) .
Gallbladder NEC was suspected based on the above findings. However, are suspected diagnosis was stage II gallbladder carcinoma based on the results of bile cytology. Therefore, we performed enlarged cholecystectomy and D2 lymphadenectomy. A tumor (45x35 mm) stretching from the body to the neck of the gallbladder was found in the resected specimen. Hematoxylin and eosin staining showed that the tumor cells had honeycomb growth with a high nucleus-to-cytoplasm ratio, submucosal growth in the shape of a cord, and numerous mitotic figures (20/10 high power fields; Fig. 6 ). In addition, Ki-67 labeling rate was >80%. The tumor cells were positive for synaptophysin, chromogranin A, and cluster of differentiation 56 (CD56). Immunohistochemical staining for somatostatin receptor (SSTR) 2A was negative. Based on these findings, the patient was diagnosed with gallbladder NEC. A small differentiated tubular adenocarcinoma was found on the mucosal surface; however, this made up only about 10% of the overall tumor, which does not meet the diagnostic criteria for mixed adenoneuroendocrine carcinoma (Fig. 7) . The final pathological diagnosis was small cell NEC (pT3a, N, M0, stage II) Gbn, 45x35 mm, nodular-infiltrating type, circ, NEC, pT3a, int, INFb, ly1, v1, ne2, pCM0, pEM1, pR0. As multiple liver metastases were observed on CT 4 months after the operation, chemotherapy (CPT-11 [irinotecan] + cis-diamminedichloroplatinum [cisplatin]) was administered according to the regimen for small cell carcinoma of the lung. The patient is still undergoing treatment.
SSTR5 immunostaining was performed to elucidate why SRS was positive when SSTR2 immunostaining was negative, but we obtained a negative result. Additionally, we measured gene expression using quantitative real-time polymerase chain reaction (PCR) for all subtypes of SSTR (SSTR1-5) and compared our results with those of earlier studies that reported on the Caco2 cell line (3) (4) (5) . The tumor was positive for all SSTR subtypes (Fig. 8) and may express SSTRs other than SSTR2 and SSTR5.
The study was approved by the ethics committee of Kagoshima University Hospital (approved number 26-6).
Discussion
Here, we report a rare case of gallbladder NEC preoperatively diagnosed using SRS. NETs occur in the gastrointestinal tract and bronchopulmonary system. Primary NEC of the gallbladder is a rare disease, accounting for only up to 1.4% of all gastrointestinal endocrine tumors and 0.4-4% of all malignant gallbladder tumors. In addition, the mean age of patients at disease onset is 64 years, and the incidence in females is relatively high (70%). Gallbladder NEC is characterized by rapid development, early liver metastasis, lymph node metastasis, and direct metastasis, and the prognosis is considered to be extremely poor (2, 6, 7) . According to the 2010 world Health Organization classification of tumors of the digestive tract, NETs are categorized into NET G1, NET G2, and NECs according to mitotic count and Ki-67 index (8) . NEC is difficult to preoperatively differentiate from gallbladder adenocarcinoma, and most patients are diagnosed postoperatively by immunostaining for markers such as NSE, CD56, chromogranin A, and synaptophysin (9) . Several hypotheses have been proposed on the pathogenesis of gallbladder NETs. A previous report posited that NETs are derived from undifferentiated pluripotent cells at the site of development, which are capable of differentiating into epithelial and neuroendocrine cells, and that this ability to differentiate changes during cancer proliferation and leads to a shift to small cell carcinoma (10). No specific imaging features of gallbladder NECs have been described (11, 12) . Many cases are difficult to distinguish from typical, more common gallbladder cancers. DwI in MRI has been reported to be useful for classifying NEC and adenocarcinoma components. As NECs have a higher proliferative potential than typical cancers and a high cell density, they have a relatively low diffusion ability (13) . The gallbladder NEC in our patient had a high diffusion signal on DwI. DwI is considered potentially useful for differentiating between benign gallbladder tumors, typical gallbladder cancers, and gallbladder NECs (14) .
SRS using 111 In-pentetreotide, which targets somatostatin receptors (SSTRs) and has a high affinity for subtype 2A, is currently the gold standard functional imaging test for NETs (15) . For the diagnosis of NETs, European and US guidelines recommend focal diagnosis using SRS, diagnosis of lymph node and liver metastases, and CT and MRI. The evaluation of SSTRs has also been reported to be useful for predicting therapeutic response to octreotide preparations (16) . while SRS has a low diagnostic sensitivity for poorly differentiated NECs, FDG-PET is useful for the diagnosis of tumors with a high proliferation index. The diagnostic sensitivity is low for NETs with low proliferation index, slow growth rate, and low glucose consumption (17, 18) . Although pathological examination revealed a poorly differentiated small cell NET in our patient, SRS and FDG-PET results were positive. In NETs, the lower the degree of differentiation, the lower the rate of SRS positivity and the higher the degree of PET accumulation. However, a comparative study reported that tumors with proliferation (Ki-67) indices >15 and <2% had positive SRS sensitivities of 69 and 87%, respectively. This suggests the possibility of SRS accumulation, even in NECs (17) .
SSTRs, which are receptors of the peptide hormone somatostatin, have 5 subtypes, namely SSTR1, SSTR2, SSTR3, SSTR4, and SSTR5. 111 In-pentetreotide has an affinity for SSTR2 and SSTR5. Generally, most NETs express SSTR2, and SRS is considered to be useful in the diagnosis of NETs (19) . In NETs, the expression of SSTR2 decreases as the degree of differentiation decreases. In the case of our patient, immunohistochemical staining was negative for SSTR2A and SSTR5; however, real-time PCR detected the expressions of all the subtypes (SSTR1, SSTR2, SSTR3, SSTR4, and SSTR5; Fig. 8 ). SRS has a high affinity for SSTR2, SSTR5, and SSTR3. we postulated that the real-time PCR result, which suggested that, besides SSTR2 and SSTR5, the tumor may also express other SSTRs such as SSTR3, may explain the discrepancy between the loss of SSTR expression shown on immunohistochemistry and the apparent accumulation in the tumor shown on SRS. SRS may be useful for NEC diagnosis in some cases, even when immunohistochemical staining for SSTRs is negative.
Several limitations associated with the present study warrant mention. First, we performed immunohistochemical staining for SSTR2 and SSTR5 but not for SSTR1, SSTR3, and SSTR4, because we did not obtain antibodies against these subtypes. Second, we detected the expressions of SSTR1, SSTR2, SSTR3, SSTR4, and SSTR5 using real-time PCR (Fig. 8 ) and compared our findings with those of earlier studies that reported on the Caco2 cell line (4, 5) . Owing to the lack of tissue, we were not able to compare SSTR mRNA expression between the tumor and the adjacent normal tissue.
In conclusion, gallbladder NEC is a rare disease and is difficult to diagnose preoperatively. The incidence of this disease may increase in the future, and accurate diagnostic and effective treatment methods, which may include surgery and chemotherapy, must be established to improve prognosis. Gallbladder NET should be considered and SRS should be performed when evaluation of an advanced gallbladder tumor reveals normal levels of tumor markers, such as CEA and CA19-9, and atypical gallbladder tumor characteristics on imaging, such as apparent high diffusion signal on DwI. 
